Thin films of binary mixtures that interact through isotropic forces and directionally specific "hydrogen bonding" are considered through Monte Carlo simulations. We show, in good agreement with experiment, that the single phase of these mixtures can be stabilized or destabilized on confinement.
1
Submitted to PRL 2 The phase behavior of mixtures in thin films can be significantly different from the bulk [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Fisher et al. theoretically considered an incompressible fluid mixture which interacted with isotropic nearest neighbor forces and showed that confinement only stabilized the single phase [4] [5] [6] [7] . This prediction is robust, and cannot be altered by the magnitude of the interaction between the fluids and the walls.
Experiments, however, show that, depending on the surfaces, confinement can either stabilize or destabilize the single phase relative to the bulk [9] [10] [11] [12] . Since the model of Fisher corresponds to the simplest case of a binary fluid with isotropic nearest neighbor forces, a model with more complex interactions could rationalize the experiments [7] . We have performed Monte Carlo simulations on mixtures which interact with isotropic nearest neighbor interactions and directionally specific bonds. The competition between the unfavorable dispersive interactions, and the favorable "hydrogen bonds" (HB) leads to closed loop phase diagrams in the bulk. While the bulk behavior of HB systems has been well explored [15] [16] [17] [18] [19] , their behavior in confined geometries has not been studied theoretically. We find that, when these systems are confined between plates which only interact through HB with the molecules, both stabilization ["ordinary"] and destabilization ["surface transition"] behavior can occur depending on the specific parameters employed. To our knowledge this represents the first theoretical evidence for surface transitions for a confined binary mixture.
A binary fluid mixture with isotropic nearest neighbor interactions is isomorphic with the spin 1/2 Ising model. Consider an Ising system confined between two symmetric walls which are D layers apart. J and J 1 are the spin coupling parameters in the bulk and in the surface layers, respectively [3] . ∆ ≡
has a special value, ∆ c , so that when ∆ < ∆ c the phase mixed state is stabilized in the thin film ("ordinary" behavior) [3, 13] . In contrast, when Submitted to PRL 3 ∆ > ∆ c the surface undergoes critical ordering even when the bulk is phase mixed ("surface transition") [20, 21] . For the case of simple mixtures it has been shown that ∆ < ∆ c and hence only ordinary behavior is predicted [3] [4] [5] [6] [7] . We shall show here that the introduction of a new interaction, the HB, could, under certain circumstances result in ∆ > ∆ c , and thus yield complex surface behavior that is consistent with experiment.
We consider a completely filled cubic lattice with its sites occupied by either A or B molecules. We model symmetric mixtures where the interactions between any two A molecules, and any two B molecules are identical. The molecules interact through isotropic nearest neighbor interactions characterized by the energy scale:
. d is the coordination number (=6), and ǫ ij is the interaction energy between a nearest
. Each molecule has one "donor" and one "acceptor" which can participate in nearest neighbor HB. Since the molecules are structureless the donors and acceptors do not have prespecified locations. The HB interactions are described by two equilibrium constants k AA and k AB for the bonds between an A donor and an A acceptor on different molecules, and for bonds between A and B particles [either one being the donor], respectively. k ij ≡ P ij e −E ij /k B T [22] . We employed k AA = 0.0275e 1.8/T ⋆ , and k AB = 0.0134e 4.5/T ⋆ . While we have explored the phase behavior for a range of values of χ, k AA and k AB , we focus on this one set of parameters which yields closed loop phase behavior for the bulk mixture.
In simulations of the bulk [23] we employed periodic boundary conditions in all three directions. For thin films the periodic boundary conditions along the z direction were replaced by two symmetric hard walls. The walls could only interact with the molecules through HB, i.e., k w ≡ P w e −Ew/k B T independent of the identity of the molecule. The Monte is variable and the binodal can be determined from histograms of its distribution, P (x).
When the system is miscible P (x) has a maximum at x = 1/2. In the immiscible regime two maxima are observed at x = 1/2 ± x b , corresponding to the coexisting phases.
In Figure 1 the binodals for the bulk and for three films of D=16 are shown. The bulk system displays closed loop phase behavior, a feature that is characteristic of many HB The transition from "ordinary" behavior around the UCST to the "surface transition"
at the LCST occurs through the "extraordinary transition", when the surface composition equals that in the middle of the film. This occurs at T ⋆ ≈ 1.10 for k w = 0.0134e Since a bulk system with isotropic nearest neighbor interactions only possesses a UCST, to a zeroth approximation, the surface will remain ordered at all low temperature conditions. Circles-bonds between the walls and the surface layers (z = 0, and z = 15), squares-bonds within the surface layers, and diamonds-in-layer bonds in the middle layers (z = 7, and z = 8).
